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CONVERSION FACTORS, ABBREVIATIONS, AND DEFINITIONS

Mulitiply By To obtain
acre 4,047 square meter
cubic foot per second (ft3/s) 0.02832 cubic meter per second
inch (in.) 254 millimeter
microgram per liter (lLg/L) 1.0 part per billion
mile (mi) 1.609 kilometer
milligram per liter (mg/L) 1.0 part per million
million gallons per day (Mgal/d) 0.04381 cubic meter per second
square mile (miz) 2.590 square kilometer

Temperature can be converted to degrees Celsius (°C) or degrees Fahrenheit (°F) by the equations:

°C =5/9 (°F - 32)

°F=9/5 (°C) + 32.
Water Year: A water year is a 12-month period, from October 1 through September 30, designated by the
calendar year in which it ends. Years are water years in this report unless otherwise stated.
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Effects of Urbanization on Water Quality in the Kansas
River, Shunganunga Creek Basin, and Soldier Creek,
Topeka, Kansas, October 1993 Through

September 1995

By Larry M. Pope and James E. Putnam

Abstract

A study of urban-related water-quality
effects in the Kansas River, Shunganunga Creek
Basin, and Soldier Creek in Topeka, Kansas, was
conducted from October 1993 through
September 1995. The purpose of this report is to
assess the effects of urbanization on instream con-
centrations of selected physical and chemical con-
stituents within the city of Topeka. A network of
seven sampling sites was established in the study
area. Samples principally were collected at
monthly intervals from the Kansas River and from
the Shunganunga Creek Basin, and at quarterly
intervals from Soldier Creek. The effects of urban-
ization were statistically evaluated from differ-
ences in constituent concentrations between sites
on the same stream.

No significant differences in median con-
centrations of dissolved solids, nutrients, or metals
and trace elements, or median densities of fecal
bacteria were documented between sampling sites
upstream and downstream from the major urban-
ized length of the Kansas River in Topeka. Dis-
charge from the city’s primary wastewater-
treatment plant is the largest potential source of
contamination to the Kansas River. This discharge
increased concentrations of dissolved ammonia,
total phosphorus, and densities of fecal bacteria.
Calculated dissolved ammonia as nitrogen con-
centrations in water from the Kansas River ranged
from 0.03 to 1.1 milligrams per liter after receiving

treatment-plant discharge. However, most of the
calculated concentrations were considerably less
than 50 percent of Kansas Department of Health
and Environment water-quality criteria, with a
median value of 20 percent. Generally, treat-
ment-plant discharge increased calculated total
phosphorus concentrations in water from the Kan-
sas River by 0.01 to 0.04 milligram per liter, with
a median percentage increase of 7.6 percent. The
calculated median densities of fecal coliform and
fecal Streptococci bacteria in water from the Kan-
sas River increased from 120 and 150 colonies per
100 milliliters of water, respectively, before treat-
ment-plant discharge to a calculated 4,900 and
4,700 colonies per 100 milliliters of water, respec-
tively, after discharge.

Median concentrations of dissolved solids
were not significantly different between three sam-
pling sites in the Shunganunga Creek Basin.
Median concentrations of dissolved nitrate as
nitrogen, total phosphorus, and dissolved ortho-
phosphate were significantly larger in water from
the upstream-most Shunganunga Creek sampling
site than in water from either of the other sampling
sites in the Shunganunga Creek Basin probably
because of the site’s proximity to a wastewa-
ter-treatment plant. Median concentrations of dis-
solved nitrate as nitrogen and total phosphorus
during 1993-95 at upstream sampling sites were
either significantly larger than during 1979-81 in
response to increases of wastewater-treatment
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plant discharge or smaller because of the
elimination of wastewater-treatment plant dis-
charge. Median concentrations of dissolved
ammonia as nitrogen were significantly less dur-
ing 1993-95 than during 1979-81.

Median concentrations of total aluminum,
iron, manganese, and molybdenum were signfi-
cantly larger in water from the downstream-most
Shunganunga Creek sampling site than in water
from the upstream-most sampling site. This prob-
ably reflects their widespread use in the urban
environment between the upstream and down-
stream Shunganunga Creek sampling sites.

Little water-quality effect from urbanization
was indicated by results from the Soldier Creek
sampling site. Median concentrations of most
water-quality constituents in water from this sam-
pling site were the smallest in water from any sam-
pling site in the study area.

Herbicides were detected in water from all
sampling sites. Some of the more frequently
detected herbicides included acetochlor, alachlor,
atrazine, cyanazine, EPTC, metolachlor, prome-
ton, simazine, and tebuthiuron. Detected insecti-
cides included chlordane, chlorpyrifos, Diazinon,
lindane, and malathion. However, no concentra-
tions exceeded Kansas Department of Health and
Environment ambient water-quality criteria.

INTRODUCTION

The water quality of streams in urban areas may be
degraded by the effects and processes associated with
urbanization. Point and nonpoint-source discharges of
dissolved solids, nutrients, bacteria, metals and trace
elements, and pesticides may cause water to be unsuit-
able for irrigation; pose potential public-health prob-
lems in processed drinking water; inhibit growth,
reproduction, and diversity of aquatic organisms; and
reduce recreational desirability of the streams.

Since 1972, when Congress passed Public
Law 92-500 requiring States to investigate possible
water-quality degradation problems associated with
runoff from urban areas, many studies have been con-
ducted in metropolitan areas throughout the United
States. The transport of deicing salts in snowmelt run-
off and the effects on stream-water quality were studied
in central Connecticut where it was documented that

sodium ion concentrations increased by a factor of

three or more during the snow season (Rich and Mur-

ray, 1990). Other studies have documented urban run-
off as a cause of large instream concentrations of

nutrients (Dorney, 1986; Pope and Bevans, 1987;

Decker and others, 1988; Taylor, 1990; Stewart and

Robinson, 1992), bacteria (Decker and others, 1988;

Evaldi and others, 1993; Martin, 1995), metals and

trace elements (Pope and Bevans, 1987; Veenhuis and

Slade, 1990; Norman, 1991; Lopes and Fossum, 1995),

and pesticides (Norman, 1991; Lopes and Fossum,

1995).

The city of Topeka, Kansas, has applied for a
National Pollution Discharge Elimination System
(NPDES) Stormwater Permit. The management plan
outlined in the permit application initiated a program
for monitoring water quality in Topeka’s streams.
Before this time, most City water-quality monitoring
activities had been the characterization of point-source
discharges, such as the Oakland Wastewater Treatment
Plant and the North Topeka Wastewater Plant. The pur-
pose of stream monitoring was to characterize the con-
dition of Topeka’s streams and to identify water-quality
concerns. This information then would be used to assist
in the development of local public policy that
addressed site-specific water-quality conditions.

In developing the monitoring plan, two land-use
concerns were noted:

(1) A recreational trail system has been developed
along Shunganunga Creek, increasing the number
of people coming near or in contact with the
creek.

(2) Runoff from intense commerical development
along Wanamaker Road near the western edge of
the City discharges into the Kansas River
upstream from the water intakes of Topeka’s
water supply. The water-quality effect of urban-
ization in this commercial area has significance
for protection of the public-water supply.

The city of Topeka has several public-policy issues
relative to water quality that have economic and regu-
latory significance. The information gained in the
water-quality monitoring program will be important
for developing effective public policy in the future.
These policy issues include (Edie Snethen, Director of
Public Works, city of Topeka, written commun., 1996):
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Table 1. Description of sampling sites and drainage areas

u.s.
Map- Geological Drainage
index Survey site area
number identification Latitude (lat.) and (square
(fig. 3) number Sampling-site name longitude (long.) miles)
KR-1 06888980 Kansas River at U.S. Highway 75 lat. 39°04°10”°N 156,710
long. 95°43’50"W
KR-2 06889000 Kansas River at Topeka (Sardou lat. 39°04°00”°N 56,720
Avenue) long. 95°38°58"W
WWTP 06889002 Oakland Wastewater Treatment Plant 15t 39904°19”N 2.
cffluent long. 95°3840"W
SO-1 06889502 Soldier Creek at Rochester Road lat. 39°05°56”’N 3305
long. 95°40°21"W
SH-1 06889580 Shunganunga Creek at Southwest lat. 39°00°51”°N 13.8
29th Street long. 95044a55nw
SB-1 06889610 South Branch Shunganunga Creek at lat. 39°00°01”°N 13.8
Southwest 37th Street long. 95°42°42”W
SH-2 06889700 Shunganunga Creek at Rice Road lat. 39°03°12”°N 60.3

long. 95°37°19”W

!Estimated on basis of drainage area at sampling site KR-2.
2Point-source discharge.

3Estimated on basis of drainage area at U.S. Geological Survey streamflow-measurement site 06889500 (Soldier Creek near Topeka,

Kansas).

conditions in the Kansas River at sampling site KR-1
may be affected by this upstream urbanization particu-
larly during periods of localized runoff. Sampling
site KR-2 (fig. 3) is located on the Kansas River about
4.7 mi downstream from sampling site KR—1. Samples
collected at this site were used to document possible
water-quality degradation associated with urbanized
areas between sampling sites KR—1 and KR-2.
Sampling site WWTP (fig. 3) is located at the four
effluent channels discharging from the Oakland Waste-
water Treatment Plant. Discharge from this plant repre-
sents the major point source of potential contamination
in the study area. The Oakland plant is the city’s main
wastewater-treatment facility, and its effluent enters the
Kansas River about ! mi downstream from sampling
site KR-2. The Oakland plant has a designed discharge
of 16.0 Mgal/d (U.S. Environmental Protection
Agency, 1983). Samples collected at site WWTP were

used to describe the potential water-quality effect of the
city’s major point-source discharge to the Kansas
River. A second wastewater treatment plant (North
Topeka plant) is located on the Kansas River about
3.2 mi upstream from sampling site KR-2. The maxi-
mum design discharge from this plant currently (early
1996) is 1.25 Mgal/d, with a normal operational dis-
charge of 0.25 Mgal/d (Kelly Haller, city of Topeka,
oral commun., 1996); however, an expansion of this
plant is underway and scheduled for completion in
summer 1996. Effluent quality from this plant was not
monitored during this study.

Sampling site SO-1 (fig. 3) is located on Soldier
Creek about 2.9 mi upstream from the confluence with
the Kansas River. Although most of the Soldier Creek
drainage area is devoted to agricultural uses, water
quality could be affected by discharges from an indus-
trial area about 1 mi upstream, particularly during low
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flow when nonpoint-source contamination from agri-
cultural runoff is minimal.

Three sampling sites were established in the Shun-
ganunga Creek Basin. All three sampling sites were at
locations of a previous water-quality investigation con-
ducted between 1979 and 1981 (Pope and Bevans,
1987). Water-quality data collected during this previ-
ous investigation are presented in Pope and others
(1983), and streamflow data have been published by
the U.S. Geological Survey (1981, 1982).

Sampling site SH-1 (fig. 3) was established on the
main stem of Shunganunga Creek near the western
edge of the study area. Much of the localized drainage
area between Lake Sherwood and sampling site SH-1
(fig. 3) is urbanized. Additionally, a wastewater-treat-
ment plant, located near Sherwood Lake, discharges
effluent into Shunganunga Creek about 2 mi upstream
from sampling site SH-1. This plant has a design
capacity of 2.0 Mgal/d, with a normal operating dis-
charge of 0.5 Mgal/d (Kelly Haller, city of Topeka, oral
commun., 1996). Samples collected at sampling
site SH-1 were used to document water-quality charac-
teristics resulting from a combination of discharges
from Sherwood Lake, the Sherwood Lake Wastewater
Treatment Plant, and localized urban development
upstream from Shunganunga Creek entering the major
urbanized part of Topeka.

Sampling site SB-1 (fig. 3) was established on the
South Branch Shunganunga Creek to define
water-quality characteristics on the major tributary to
Shunganunga Creek. The drainage area of sampling
site SB~-1, 13.8 mi2, represents about 23 percent of the
Shunganunga Creek Basin included in this study and
consists of a mix of land uses including agricultural,
residential, commercial, and light industrial.

Sampling site SH-2 (fig. 3), the downstream-most
Shunganunga Creek sampling site, is located at the
extreme eastern edge of the study area. This sampling
site represents the accumulated flow from a drainage
area of 60.3 mi2, much of which is urbanized. Samples
from this site were used to describe the combined effect
of all land uses within the basin and the relative effect
of urbanization.

DATA COLLECTION AND ANALYSIS

Data-collection methods for this study were
designed to provide a base of information adequate to
calculate daily mean streamflow, and to produce a data
base of selected physical and chemical water-quality

characteristics adequate to calculate statistics for cen-
tral tendency (median) for between-site comparisons
and to calculate the effect of point-source discharges on
receiving streams. A statistical summary of data col-
lected during this study is presented in table 11 in the
“Supplemental Information” section of this report.

Streamflow

Of the seven sampling sites listed in table 1, two
had a continuous record of stream stage. Sampling
site KR-2 has a continuous record of stream stage
since 1961. Sampling site SH-2 was reactivated at the
site of a previous water-quality investigation of Shun-
ganunga Creek conducted between 1979 and 1981.
Stream stages were recorded in 1-hour intervals at sam-
pling site KR-2 and in 5-minute intervals at sampling
site SH-2 and were related to periodic current-meter
streamflow measurements (Buchanan and Somers,
1976) to develop and adjust stage-streamflow ratings.
These ratings subsequently were used to calculate daily
mean streamflow according to methods presented in
Kennedy (1983). Values of daily mean streamflow for
sampling sites KR—2 and SH-2 are published in Geiger
and others (1995) and Putnam and others (1996).

Water Quality

Samples for determination of selected physical and
chemical water-quality characteristics were collected
using standard USGS depth- and width-integrating
procedures (Edwards and Glysson, 1988) and with
adherence to water-quality control sampling and pro-
cessing procedures as outlined in Horowitz and others
(1994). Measurements made onsite by USGS person-
nel included instantaneous streamflow or discharge,
specific conductance, hydrogen-ion activity (pH),
water temperature, barometric pressure, dissolved oxy-
gen, and alkalinity (carbonate and bicarbonate
concentrations).

Samples were collected about once a month from
October 1993 through September 1995 at all sampling
sites except SO-1 (table 1). Samples were collected at
quarterly intervals at sampling site SO-1. Most sam-
ples were collected during periods of stable, dry-
weather flow (nonrunoff periods); however, about two
samples at each site were collected when streamflow
was affected by runoff. An expression of streamflow at
the time of sample collection as the percentage of time

10 Effects of Urbanization on Water Quality in the Kansas River, Shunganunga Creek Basin, and Soldier Creek, Topeka, Kansas,

October 1993 Through September 1995



that flow is equalled or exceeded, on the basis of
long-term record at sampling sites KR-2 and SH-2, is
presented in table 2. Small percentage values indicate
large streamflow volumes that occur infrequently, but,
for regulated streams like the Kansas River, these val-
ues do not necessarily indicate runoff conditions. Some
large flows in the Kansas River are the result of dis-
charges from upstream reservoirs, and therefore,
water-quality characteristics in the Kansas River may
differ substantially from equivalent runoff-produced
streamflow. The median value for percentages of time
flow equalled or exceeded sampled streamflows for
sampling site KR-2 was 30 percent, which indicates
that the data set for this site consists of a series of rela-
tively large streamflows. However, as indicated in
table 2, only two samples at sampling site KR-2 were
affected by recent runoff. The median value for the per-
centage of time flow equalled or exceeded sampled
streamflows for sampling site SH-2, which represents
the unregulated Shunganunga Creek, was 53 percent.

During this study, samples were collected by
USGS personnel, and most were subsequently ana-
lyzed by the city of Topeka water-quality laboratory for
major anions and cations, nutrients (nitrogen and phos-
phorus species), fecal coliform and fecal Streptococci
bacteria, and selected metals and trace elements. Anal-
yses of chemical constituents were performed accord-
ing to methods presented in Fishman (1993) or
equivalent methods as presented by the American Pub-
lic Health Association and others (1985). Bacteriolog-
ical analyses were performed using membrane-filter
methods as described by Britton and Greeson (1989).

Three or four samples were collected at each sam-
pling site during this study for subsequent analysis of
Aroclor polychlorinated biphenyls (PCBs) and
selected carbamate, organochlorine, organonitrogen,
and organophosphate pesticides. These samples were
analyzed by the USGS laboratory in Arvada, Colorado,
according to methods presented in Wershaw and others
(1987) or Fishman (1993).

Quality Control

Analytical quality control consisted of analyses of
duplicate stream samples, analysis of standard refer-
ence samples, and analysis of blank-water (highly puri-
fied water, free of contamination) samples. Laboratory
analytical precision and reproducibility were evaluated
by the analyses of duplicate subsamples of selected
stream-water samples. These duplicate

subsamples were withdrawn from a USGS sample
churn containing a flow-weighted composite sample of
a stream cross section. The method for collection of
flow-weighted composite samples is presented in
Edwards and Glyson (1988). The USGS sample churn
has provisions for sample agitation during the subsam-
ple withdrawal procedure thereby assuring that each
subsample is equivalent and representative of the orig-
inal composite sample in regard to water-quality con-
stituent concentrations. Therefore, analytical
variability between duplicate samples will indicate the
degree of precision and reproducibility of the methods
and techniques used to analyze for selected water-
quality constituents.

A statistical summary of the relative analytical
variation between analyses of duplicate samples for
selected water-quality constituents is presented in
table 3. The variation, as a percent, between constituent
concentrations of duplicate samples was calculated as
the absolute value of 100 multiplied by the quotient of
the difference in duplicate concentrations divided by
the summation of duplicate concentrations.

For most constituents listed in table 3, the median
variation between duplicate analyses was less than
5 percent, which indicates an acceptable degree of pre-
cision and reproducibility. However, the metals, cop-
per, nickel, and zinc had median percent variations
ranging between 10 and 14 percent and may indicate
deficiencies in analytical methodology or method
implementation, or may indicate that the present labo-
ratory technology used in the analyses of some ele-
ments will inherently produce larger variations in
duplicate analyses. Another explanation for the larger
variations in copper, nickel, and zinc duplicate analy-
ses may be variations in subsamples withdrawn from
the sediment churn; however, because these relatively
large variations occurred with only 3 of 12 trace metals,
this explanation appears unlikely.

The accuracy of laboratory analyses for selected
water-quality constituents was evaluated on the basis
of variation between the analyses of standard reference
samples and the most-probable values (MPV) for those
constituents (table 4). Percent variation between the
MPYV and analytical results of the standard reference
samples was determined by calculating the absolute
value of 100 multiplied by the quotient of the differ-
ence between the MPV and the analytical result of the
standard reference sample divided by the MPV. During
this study, one or three standard reference samples
were analyzed for selected water-quality constituents.

Data Collection and Analysis 1



Table 2. Date of sample collection, associated streamflow, and percentage of
time sampled flow was equalled or exceeded at sampling sites KR-2 and SH-2,
October 1993-September 1995

[Data on file at U.S.Geological Survey, Lawrence, Kansas; ft/s, cubic feet per second]

Sampling site KR-2 (fig. 3) Sampling site SH-2 (fig. 3)
Percentage Percentage
Date of Instanta- of time Date of Instanta- of time
sample neous sampled flow sample neous sampledflow
(month—-day- streamflow equalledor (month—-day- streamflow equalled or
year) (ft3/s) exceeded' year) (ft3/s) exceeded?
10-20-93 11,700 15 10-27-93 5.6 55
11-18-93 10,100 17 11-15-93 16 26
12-09-93 10,100 17 12-07-93 5.9 53
01-12-94 7,430 24 01-19-94 6.1 53
02-15-94 5,500 30 02-11-94 44 65
03-31-94 5,200 32 03-31-94 35 75
04-21-94 4,800 34 04-20-94 8.2 43
05-12-94 8,880 20 05-11-94 23 20
06-09-94 311,500 15 06-08-94 3591 1.2
06-28-94 6,350 27 06-29-94 3.0 78
07-19-94 4,770 34 07-20-94 2.6 85
08-11-94 4,100 38 08-10-94 1.6 93
08-31-94 3,250 45 08-30-94 11 34
09-29-94 1,090 85 09-22-94 19 22
10-17-94 1,460 76 10-21-94 12 96
11-14-94 1,430 76 11-17-94 1.7 92
12-13-94 3,650 42 12-12-94 34 77
01-12-95 1,890 67 01-10-95 33 78
02-06-95 3,240 45 02-09-95 4.6 64
03-30-95 4,710 34 03-29-95 7.4 47
04-18-95 9,160 19 04-17-95 44 13
05-30-95 340,200 1.4 05-23-95 32,720 2
06-22-95 41,300 1.3 06-21-95 13 30
07-12-95 12,100 14 07-11-95 7.0 49
08-15-95 6,790 25 08-17-95 22 20
09-12-95 2,700 52 09-13-95 33 78

10n the basis of daily mean streamflow for water years 1963-95.
20n the basis of daily mean streamflow record for the water years 1980-81, 1994-95.
3Streamflow affected by recent runoff.
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Table 3. Statistical summary of analytical variation, in percent, between analyses of duplicate

samples for selected water-quality constituents

Number
of dupli- ‘o .
cate Median m:.:ln ﬂ?:rll
analy- (per- (per- (per-
Water-quality constituent ses’ cent) cent) cent)
Calcium, total recoverable 9 14 0 39
Magnesium, total recoverable 9 13 0 6.7
Sodium, total recoverable 9 0 0 4.8
Potassium, total recoverable 9 14 0 37
Sulfate, filtered 9 32 0 10
Chloride, filtered 9 0 0 6.2
Solids, residue at 105 degrees Celsius, dissolved 8 91 33 18
Solids, residue at 105 degrees Celsius, suspended 9 7.4 0 49
Nitrogen, nitrate, filtered 6 1.5 0 6.7
Nitrogen, nitrite, filtered 7 32 0 11
Nitrogen, ammonia, filtered 7 1.2 0 7.7
Nitrogen, ammonia plus organic, total 8 22 0 22
Phosphorus, total 8 1.5 0 4.9
Phosphorus, ortho, filtered 9 44 0 79
Coliform, bacteria, fecal 6 11 3.7 43
Streptococci, bacteria, fecal 8 8.5 .66 79
Aluminum, total recoverable 9 32 0 43
Arsenic, total recoverable 9 0 0 0
Barium, total recoverable 6 0 0 11
Chromium, total recoverable 8 2.6 0 33
Cobalt, total recoverable 3 0 0 20
Copper, total recoverable 8 10 0 48
Iron, total recoverable 9 2.3 0 17
Lead, total recoverable 7 0 0 33
Manganese, total recoverable 9 0 0 43
Molybdenum, total recoverable 9 29 0 11
Nickel, total recoverable 9 14 0 69
Zing, total recoverable 9 12 0 60

lOnly analytical pairs with both values greater than the analytical detection limit were included.

Only results for those constituents with three standard
reference sample analyses are summarized in table 4.
The median percent variations for most of the constitu-
ents listed in table 4 were less than 10 percent.
However, median percent variations for total recover-
able concentrations of potassium, arsenic, cadmium,
chromium, and lead were greater than 10 percent, with
lead greater than 20 percent.

The standard reference sample program conducted
during this study was a modest effort consisting of only
one or three samples. The results presented in table 4
may or may not be indicative of results had a more
comprehensive program been conducted. Therefore,
conclusions about laboratory analytical accuracy

should be made with caution particularly in regard to
those constituents that displayed relatively large
percent variations.

The possibility of sample contamination resulting
from equipment or methods used to collect and process
samples was examined through the analysis of
blank-water samples processed as either an equipment
blank or as a sediment-churn blank. An equipment
blank is a sample of blank water that has been pro-
cessed through the same procedures as an environmen-
tal sample to include passing through the sample-
collection device, compositing in the sediment churn,
and subsampling into separate bottles with appropriate
sample preservatives. In effect, an equipment blank
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Table 4. Summary of median percent variations
between analyses of standard reference samples and
most-probable analytical value for selected
water-quality constituents

Num- Me-
ber of dian
refer- per-
ence cent
sam- varia-
Water-quality constituent ples tion
Calcium, total recoverable 3 6.5
Magnesium, total recoverable 3 5.8
Sodium, total recoverable 3 2.1
Potassium, total recoverable 3 14
Aluminum, total recoverable 3 6.6
Arsenic, total recoverable 3 14
Barium, total recoverable 3 2.8
Cadmium, total recoverable 3 14
Chromium, total recoverable 3 12
Cobalt, total recoverable 3 7.8
Copper, total recoverable 3 2.1
Iron, total recoverable 3 33
Lead, total recoverable 3 23.1
Manganese, total recoverable 3 1.7
Molybdenum, total recoverable 3 6.5
Silver, total recoverable 3 35
Zinc, total recoverable 3 1.0

represents all possible sources of contamination of a
sample. A sample-churn blank is processed the same as
an equipment blank except that the blank water is not
passed through the sample-collection device.

A summary of analysis of equipment blanks and
sample-churn blanks is presented in table 5. Generally,
sample-collection and processing procedures were not
a source of substantial contamination of environmental
samples. Of all the analytical determinations (449)
indicated in table 5, only 35 determinations (7.8 per-
cent) had detectable concentrations. Furthermore,
those detectable concentrations tended to be small rel-
ative to concentrations in environmental samples
(table 11, “Supplemental Information” section).

EFFECTS OF URBANIZATION ON WATER
QUALITY

Kansas River

To evaluate the effects of urbanization on water
quality in the Kansas River, median concentrations of
selected water-quality constituents were calculated on
the basis of samples collected from October 1993
through September 1995 for the two Kansas River
sampling sites (KR-1 and KR~2) and for discharge
from the Oakland Wastewater Treatment Plant (sam-
pling site WWTP). Comparisons of median concentra-
tions between sampling sites KR-1 and KR-2 were
made to evaluate potential water-quality degradation
from point and nonpoint sources resulting from urban-
ization. Concentrations of effluent samples collected at
sampling site WWTP were used to calculate resulting
Kansas River concentrations after receiving this efflu-
ent. A statistical summary of concentrations of selected
water-quality constituents for sampling sites KR~-1,
KR-2, and WWTP are presented in table 11 in the
“Supplemental Information” section of this report.

Major lons and Dissolved Sollds

The occurrence of major ions and dissolved solids
(dissolved salts and minerals) in streams is primarily
the result of natural geochemical processes associated
with the dissolution of rocks, minerals, and atmo-
spheric gases (Hem, 1985); however, urbanization can
be a nonpoint source of major ions and dissolved solids
to local streams through such activities as road deicing,
residential or commercial dumping of salt-containing
solutions into storm sewers, or industrial discharges. A
comparison of median concentrations of major cations,
anions, and dissolved solids in water from sampling
sites KR—1, KR-2, and WWTP is presented in figure 5.

The Wilcoxon rank sum test was used to test for
significant differences in median concentrations of dis-
solved solids between sampling sites KR-1 and KR-2.
The test is a nonparametric test for independent data
sets and is an easily computed alternative to the
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Table 5. Summary of analyses of blank water processed as either equipment blanks or as sample-churn blanks

[mg/L, milligrams per liter; °C, degrees Celsius; cols/100 mL, colonies per 100 milliliters of water; pLg/L, micrograms per liter; --, no data]

Equipment blanks

Sample-churn blanks

Detectable concentrations

Detectable concentrations

Num- Num-

ber of ber of

analy- Num- Mini- Maxi- analy- Num- Mini- Maxi-

Water-quality constituent ses ber mum mum ses ber mum mum

Calcium, total recoverable, mg/L 8 0 -- -- 7 0 -- --
Magnesium, total recoverable, mg/L 8 0 -- - 7 0 - --
Sodium, total recoverable, mg/L 8 1 1.0 1.0 7 0 -- -
Potassium, total recoverable, mg/L 8 0 - - 7 0 - --
Sulfate, filtered, mg/L 7 2 1.0 49 7 3 4.6 38
Chloride, filtered, mg/L 8 0 -- -- 7 0 -- --
Solids, residue at 105 °C, dissolved, mg/L 8 1 16 16 7 4 8.0 27
Solids, residue at 105 °C, suspended, mg/L 7 3 2.0 23 6 1 3.0 3.0
Nitrogen, nitrate, filtered, mg/L 7 0 - - 7 0 - --
Nitrogen, nitrite, filtered, mg/L 7 0 - - 6 0 - --
Nitrogen, ammonia, filtered, mg/L 7 2 .10 .20 7 0 -~ -~
Nitrogen, ammonia plus organic, total, mg/L 8 1 1.1 1.1 6 1 .20 20
Phosphorus, total, mg/L 7 2 .10 10 7 1 .04 04
Phosphorus, ortho, filtered, mg/L 8 0 - -- 7 1 .02 02
Coliform, bacteria, fecal, cols/100 mL 3 0 - - 3 0 -- -
Streptococci, bacteria, fecal, cols/100 mL 3 0 -- -- 3 0 -- --
Aluminum, total recoverable, pg/L 8 3 3.0 10 7 2 40 80
Arsenic, total recoverable, pg/L 8 1 4.0 4.0 7 0 -- --
Barium, total recoverable, ug/L 5 0 -- -- 6 0 -- --
Cadmium, total recoverable, pg/L 8 0 -- -- 7 0 -- --
Chromium, total recoverable, pg/L 8 0 -- -- 7 0 - --
Cobalt, total recoverable, ug/L 8 0 -- -- 7 0 - --
Copper, total recoverable, pug/L 8 0 -- -- 7 1 5.0 5.0
Iron, total recoverable, pug/L 8 0 - - 7 3 8.0 60
Lead, total recoverable, pg/L 8 1 3.0 3.0 7 1 1.0 1.0
Manganese, total recoverable, ug/L 8 0 -- -- 7 0 - --
Mercury, total recoverable, pg/L 8 0 - -- 7 0 - -
Molybdenum, total recoverable, pug/L 8 0 -- - 7 0 - --
Nickel, total recoverable, pg/L 8 0 -- -- 7 0 - --
Selenium, total recoverable, pg/L 8 0 - - 7 0 - -
Silver, total recoverable, ug/L 8 0 - - 7 0 -- --
Zinc, total recoverable, ug/L 8 0 - - 7 0 - -

parametric t-test for independence. The Wilcoxon

rank-sum test has two main advantages over the t-test:

(1) the two data sets are not required to be normally
distributed, and

(2) the test can handle censored data (values less than
the analytical detection limits) by treating them as
ties during the ranking process (Gilbert, 1987).

The results of Wilcoxon rank-sum tests presented
in this report are in the form of a probability value
(p-value). The p-value is a measure of the credibility of

the null hypothesis (H,). The H,, is that the central ten-
dency (median value) of a population of concentrations
from a sampling site is not different than the median
value of a population of concentrations from another
sampling site for an arbitrarily assigned significance
level, o, (0=0.05 in this report). If the credibility of H,
is less than o for a one-tailed test or less than o/2
(0.025) for a two-tailed test, then H,, is rejected in favor
of the alternative hypothesis (H;) that the central ten-
dency of one population is significantly different from
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Figure 5. Comparison of median concentrations of major ions and dissolved solids in water from
sampling sites KR-1 and KR-2 on the Kansas River and in discharge from the Oakland Wastewater
Treatment Plant (sampling site WWTP) in Topeka, Kansas, October 1993-September 1995. Location of

sampling sites shown in figure 3.

the other. Therefore, if the reported p-value is less than
0.05 (one-tailed test) or 0.025 (two-tailed test), then H,,
is rejected in favor of H; (Wonnacott and Wonnacott,
1977). In a one-tailed test, the direction of difference
between two populations is indicated by the alternative
hypothesis (H;). For example, either the central ten-
dency for population A is larger than that of
population B or it is smaller than that of population B.
For a two-tailed test, the direction is not indicated, and
therefore, H; becomes a statement that the two popula-
tions are just different.

Median concentrations of dissolved solids at sam-
pling sites KR-1 and KR-2 were not significantly dif-
ferent at the 0.05 level of significance (p-value = 0.46).
This indicates that, on the basis of samples collected
during this study, urbanization between these sampling
sites does not generate an identifiable amount of non-
point-source contamination in regard to dissolved sol-
ids. Also, the North Topeka Wastewater Treatment
Plant, which discharges into the Kansas River between
sampling sites KR—1 and KR-2, has no adverse effects
on concentrations of dissolved solids in the Kansas
River.

Concentrations of most major ions and dissolved
solids were larger in the effluent from the Oakland

Wastewater Treatment Plant (sampling site WWTP)
than in water from either Kansas River sampling site.
This can be attributed to naturally occurring salts and
minerals in human biological waste, salts and minerals
introduced into the sanitary-sewer system from resi-
dential, commercial, or industrial origins, and from
salts and minerals added to the drinking-water supply
or wastewater during treatment processes. The Kansas
River is used as a water-supply source for the city of
Topeka.

Although the median concentration of dissolved
solids in water from sampling site WWTP was 21 per-
cent larger than in water from sampling site KR-2
(from data listed in table 11), the effect of discharge
from the Oakland Wastewater Treatment Plant on dis-
solved solids in the Kansas River is minimal because of
the large dilution capacity of the Kansas River. On
average, the contribution of dissolved solids in dis-
charge from sampling site WWTP increases the
median dissolved-solids concentration in water from
the Kansas River by 1.0 mg/L, which is equivalent to a
0.15-percent increase of the median concentration in
water from sampling site KR-2. The concentration was
calculated using the following equation:
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where C is median concentration in water from
Kansas River after receiving discharge from
sampling sitt WWTP, in milligrams per
liter;

0, is median streamflow at sampling
site KR-2, in cubic feet per second;

C, is median concentration of dissolved solids
in water from sampling site KR-2, in
milligrams per liter;

Q, is median discharge at sampling
site WWTP, in cubic feet per second; and

C, is median concentration of dissolved solids
in water from sampling sitt WWTP, in
milligrams per liter.

Nutrients

Nutrients, including compounds of nitrogen and
phosphorus, are essential to plant growth. Nitrogen is
central to all ecosystems because of its role in the syn-
thesis of protein and, together with carbohydrates and
fats, constitutes the major part of living substances
(Reid and Wood, 1976). The occurrence of nitrogen in
water may be in the form of uncombined elemental
nitrogen (N), bound up in organic compounds, or as
inorganic compounds such as ammonia, nitrite, and
nitrate. In ecological terms, phosphorus is considered
the single most critical factor in the maintenance of
biochemical cycles. This stems from the fact that phos-
phorus is necessary to the operation of energy-transfer
systems in the cell (Reid and Wood, 1976). In uncon-
taminated waters, phosphorus normally occurs in rela-
tively small concentrations and establishes the
possibility of deficiency of the nutrient. Therefore, in
many natural waters, phosphorus may be a limiting fac-
tor in primary productivity.

As important as nutrients are in the production and
maintenance of healthy ecosystems, excessive concen-
trations in rivers, lakes, and reservoirs can accelerate
the growth of algae and other aquatic plants causing
problems such as clogged pipelines, fishkills, and
restricted recreation (Litke, 1996). Because of this, the
Kansas Department of Health and Environment has
established water-quality criteria for certain species of
nitrogen and phosphorus. Two sets of pH- and temper-
ature-dependent criteria (acute and chronic) for total
ammonia as nitrogen in water bodies is presented in

Kansas Department of Health and Environment (1994).
For the purpose of this report, ammonia as nitrogen
concentrations will be compared to the more stringent
chronic criterion for total ammonia. Also, the U.S.
Environmental Protection Agency (1986) has recom-
mended an instream goal of 0.1 mg/L for total
phosphorus.

Median concentrations of selected nutrient species
for water from sampling sites KR-1, KR-2, and
WWTP are presented in table 11 in the “Supplemental
Information” section of this report and shown in
figure 6. There is no significant difference in median
concentrations of nitrogen species (fig. 6A) or phos-
phorus species (fig. 6B) between water from the Kansas
River sampling sites (KR-1 and KR-2). Computed
p-values for the Wilcoxon two-tailed test were 0.96 for
dissolved nitrate as nitrogen, (.95 for dissolved ammo-
nia as nitrogen, 0.57 for total ammonia plus organic
nitrogen as nitrogen, 0.86 for total phosphorus, and
0.98 for dissolved orthophosphate as phosphorus. This
indicates that, on the basis of data collected during this
study, the urbanized section of Topeka between sam-
pling sites KR-1 and KR-2 does not contribute nutri-
ents from either point or nonpoint sources to an extent
that it would increase long-term median concentrations
in water from sampling site KR-2 relative to the
upstream sampling site (KR-1).

Discharges from the Oakland Wastewater Treat-
ment Plant (sampling sitt WWTP) contain relatively
large concentrations of dissolved ammonia as nitrogen,
ammonia plus organic nitrogen as nitrogen, total phos-
phorus, and dissolved orthophosphate as phosphorus
(fig. 6). These discharges may produce substantial
increases in Kansas River concentrations. Dissolved
ammonia as nitrogen concentrations in water from the
Kansas River as a result of discharges from sampling
site WWTP were calculated for each water sample col-
lected from sampling site KR-2. Calculations were
performed using equation 1 where Q; and C; are
streamflow and dissolved ammonia as nitrogen con-
centrations, respectively, at sampling site KR-2, and
Q, and G, are discharge and dissolved ammonia as
nitrogen concentrations, respectively, in water from
sampling sitt WWTP. Some samples collected at sam-
pling site WWTP were not collected on the same day
as those at sampling site KR-2. For the purpose of this
analysis, it was assumed that all analytical results from
sampling site WWTP were equivalent to sampling on
the same day as sampling site KR—2. Results of these
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Figure 6. Comparison of median concentrations of selected nutrients in water from
sampling sites KR-1 and KR-2 on the Kansas River and in discharge from the Oakland
Wastewater Treatment (sampling site WWTP) in Topeka, Kansas, October 1993-
September 1995. Location of sampling sites shown in figure 3.

calculations are presented in table 6 and shown in
figure 7.

Calculated concentrations of dissolved ammonia
as nitrogen in water from the Kansas River after receiv-
ing discharge from the Oakland Wastewater Treatment
Plant are considerably larger than those in water from
sampling site KR-2, upstream from sampling site
WWTP (fig. 7). The water-quality implications of this
are threefold: (1) ammonia may be toxic to some
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freshwater invertebrate organisms or fish species (U.S.
Environmental Protection Agency, 1986); (2) ammonia
is a reduced form of nitrogen, and its subsequent
instream oxidation to nitrite and nitrate may cause
reductions in dissolved-oxygen concentrations and
place stress on aquatic organisms; and (3) nitrate pro-
duced through the oxidation of ammonia may acceler-
ate growth of algae and aquatic plants farther
downstream. Water-quality criteria for ammonia were
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Table 6. Streamflow, pH, water temperature, and dissolved ammonia as nitrogen concentrations in water
samples from the Kansas River (sampling site KR—2) upstream from the Oakland Wastewater Treatment Piant
in Topeka, Kansas, discharge and concentrations of dissolved ammonia as nitrogen in water samples from the
treatment plant (sampling site WWTP), and calculated concentrations in the Kansas River with discharge from
the treatment plant, October 1993-September 1995

[Data on file at U.S.Geological Survey, Lawrence, Kansas; ft’/s, cubic feet per second; °C, degrees Celsius; mg/L, milligrams per liter; N, nitrogen; E,
estimated concentration of a less-than-detection-limit analytical value by using one-half the detection limit rounded to the nearest 0.01 mg/L; --, no data]

Sampling site KR-2 (fig. 3)

Sampling site WWTP (fig. 3)

Kansas River with

discharge from sampling

site WWTP
(calculated)

Chronic
water-quality
criterion for

Date of pH Water Ammonia Date of Ammonia Ammonia total ammonia

sample Stream- (stand- tempera- asN, sample as N, as N, as N
(month—- flow ard ture dissolved (month- Discharge dissolved dissolved concentration'
day-year) (ft’/s) units (°C) (mg/L) day-year) (ft¥/s) (mg/L) (mg/L) (mg/L)
10-20-93 11,700 8.0 15.0 E0.05 10-20-93 46 26 0.15 1.27
11-18-93 10,100 8.5 8.0 E.05 11-23-93 42 33 19 44
12-09-93 10,100 8.0 6.0 E.05 12-09-93 46 10 .10 1.36
01-12-94 7,430 7.8 1.0 E.05 01-12-94 44 29 22 2.06
02-15-94 5,500 6.9 5.0 E.05 02-10-94 43 28 27 2.74
03-31-94 5,200 7.9 8.5 E.05 04-05-94 40 44 .39 1.61
04-21-94 4,300 8.4 17.5 E.0S 04-21-94 70 19 32 .55
05-12-94 8,880 8.3 19.5 -- 05-12-94 43 15 -- .67
06-09-94 11,500 7.6 19.0 -- 06-09-94 43 22 -- 2.37
06-28-94 6,350 8.0 26.5 E.0OS 06-28-94 45 18 .18 1.16
07-19-94 47770 8.0 27.5 E.02 07-19-94 44 26 .26 1.10
08-11-94 4,100 8.0 26.5 E.02 08-11-94 44 20 23 1.16
08-31-94 3,250 8.1 220 E.02 08-31-94 44 24 34 1.05
09-29-94 1,090 8.1 19.0 -- 09-29-94 41 22 -- 1.05
10-17-94 1,460 7.5 18.0 E.02 10-17-94 45 37 1.1 271
11-14-94 1,430 8.4 11.5 E.02 11-14-94 41 -- -- .55
12-13-94 3,650 8.0 20 E.02 12-13-94 41 22 .26 1.42
01-12-95 1,890 8.0 0.0 E.02 01-10-95 44 22 .52 1.46
02-06-95 3,240 8.1 2.0 E.02 02-06-95 41 31 41 1.18
03-30-95 4,710 8.2 8.0 E.02 03-30-95 45 30 .30 .87
04-18-95 9,160 7.9 11.5 09 04-18-95 55 16 .18 1.58
05-30-95 40,200 7.5 17.5 .10 05-30-95 87 -- -- 2.72
06-22-95 41,300 7.5 23.0 E.02 06-22-95 56 8.4 .03 271
07-12-95 12,100 7.7 28.0 E.02 07-12-95 54 12 .07 1.71
08-15-95 6,790 79 26.0 E.02 08-15-95 49 6.3 .06 1.44
09-12-95 2,700 8.3 20.5 E.02 09-12-95 51 9.9 .20 .67

IKansas Department of Health and Environment (1994).
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Figure 7. Comparison of dissolved ammonia as nitrogen concentrations in water from Kansas River sampling
site K—2 with calculated Kansas River concentrations after receiving discharge from Oakland Wastewater
Treatement Plant (sampling site WWTP) in Topeka, Kansas, October 1993-September 1995. Location of

sampling sites shown in figure 3.

calculated from pH- and temperature-dependent rela-
tions presented in Kansas Department of Health and
Environment (1994). These calculated values are listed
in table 6. These calculations were based on using
100 percent of the streamflow in the Kansas River for
mixing of discharge from sampling site WWTP.
Calculated dissolved ammonia as nitrogen concen-
trations in water from the Kansas River after receiving
discharge from sampling site WWTP as a percentage of
the criteria are shown in figure 8. All but one of the cal-
culated dissolved ammonia as nitrogen concentrations
were considerably less than 50 percent of the water-
quality criteria, with a median of 20 percent. No calcu-
lated concentration exceeded the water-quality criteria.
On the basis of data collected during this study, dis-
charges from the Oakland Wastewater Treatment Plant
do not result in violations of water-quality criteria for
dissolved ammonia as nitrogen in the Kansas River.
Median total phosphorus concentrations were sev-
eral times larger in discharge from sampling
site WWTP than in water from either Kansas River
sampling site (fig. 6B). To determine the effect of dis-
charges from sampling site WWTP on total phosphorus

concentrations in water from the Kansas River, calcu-
lations similar to those presented for dissolved ammo-
nia as nitrogen concentrations in table 6 were
performed. Results of these total phosphorus calcula-
tions are listed in table 7.

Generally, discharges from sampling site WWTP
produced only small increases in total phosphorus con-
centrations in water from the Kansas River. Most total
phosphorus concentrations in water from the Kansas
River ranged from 0.01 to 0.04 mg/L larger than those
concentrations determined in water from sampling
site KR—2. The largest increases occurred during peri-
ods of relatively small streamflow (less dilution poten-
tial) in the Kansas River. Most (88 percent) of the total
phosphorus concentrations in water from the Kansas
River upstream from sampling site WWTP were in
excess of the goal of 0.1 mg/L. recommended by the
U.S. Environmental Protection Agency (1986). There-
fore, small increases resulting from the contribution of
discharge from sampling sitt WWTP had little effect
from a water-quality criteria perspective. For data col-
lected during this study, the median increase in total
phosphorus concentrations in water from the Kansas

20 Effects of Urbanization on Water Quality in the Kansas River, Shunganunga Creek Basin, and Soldier Creek, Topeka, Kansas,
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Figure 8. Calculated dissolved ammonia as nitrogen concentrations in water from the Kansas River after
receiving discharge from the Oakland Wastewater Treatment Plant (sampling site WWTP) in Topeka, Kansas,
as a percentage of water-quality criteria (Kansas Department of Health and Environment, 1994), October
1993-September 1995. Location of sampling site shown in figure 3.

River resulting from discharge from sampling site
WWTP was 7.6 percent (calculated from data in table
7) greater than concentrations determined in water
from sampling site KR-2.

Bacteria

The sanitary quality of water and its use as a pub-
lic-water supply and for recreational activities, such as
swimming, wading, boating, and fishing, can be evalu-
ated on the basis of fecal-indicator bacterial densities.
Surface water can carry many pathogenic organisms of
fecal origin that cause diseases, such as cholera,
typhoid fever, dysentery, and other related gastrointes-
tinal disorders (Pope, 1995). Traditionally, sani-
tary-quality assessments have relied on a
membrane-filter procedure for the detection of a group
of bacteria (fecal coliform or fecal Streptococcus) com-
mon to the intestinal tracts of humans and warm-
blooded animals. The presence of the measured
“fecal-indicator bacteria” denotes contamination by
fecal material and the possible presence of pathogenic
microorganisms.

The presence of fecal coliforms or fecal Strepto-
cocci bacteria in the aquatic environment is an indica-
tion of fecal contamination. This contamination may
come from municipal wastewater discharges, leachate
from domestic septic systems, runoff or ground-water
seepage from livestock-producing areas (pastures and
confined feedlots), or wildlife populations. These
sources indicate that contamination may originate in
either the urban or rural (agricultural) environment.

Segfried and others (1984) state that municipal
wastewater discharges can have a detrimental effect on
the water quality of receiving streams not only in
regard to fecal bacteria but also in regard to the intro-
duction of pathogenic organisms, such as reo-, adeno-,
and enterovirus; coxsackievirus; and poliovirus. The
studies of Stephenson and Street (1978), Doran and
others (1981), and Gray and others (1983) have demon-
strated the effect of cattle production on fecal coliform
densities in runoff from grazed and pastured land and
in streams adjacent to these areas.

Median densities of fecal coliform and fecal Strep-
tococci bacteria in water from sampling sites KR-1,
KR-2, and WWTP are listed in table 11 in the
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Table 7. Streamflow and concentrations of total phosphorus in water samples from the Kansas
River (sampling site KR-2) upstream from the Oakland Wastewater Treatment Plant in Topeka,
Kansas, discharge and concentrations of total phosphorus in water samples from the treatment
plant (sampling site WWTP), and calculated concentrations in the Kansas River with discharge
from the treatment plant, October 1993-September 1995

[Data on file at U.S.Geological Survey, Lawrence, Kansas; £t3/s, cubic feet per second; mg/L, milligrams per liter; --, no data; <, less than]

Kansas River
with discharge
from sampling

site WWTP
Sampling site KR-2 (fig. 3) Sampling site WWTP (tig. 3) (calcuiated)
Date of ~ Date of
sampie Phosphorus, sample Phosphorus, Phosphorus,
(month—day- Streamfiow total (month—day- Discharge total total

year) (ft¥/s) (mglL) year) (ft/s) (mg/L) (mg/L)
10-20-93 11,700 0.40 10-20-93 46 29 041
11-18-93 10,100 .50 11-23-93 42 43 52
12-09-93 10,100 40 12-09-93 46 39 42
01-12-94 7430 24 01-12-94 44 35 .26
02-15-94 5,500 23 02-10-94 43 33 25
03-31-94 5,200 .03 04-05-94 40 2.8 .05
04-21-94 4,800 .29 04-21-94 70 2.1 31
05-12-94 8,880 27 05-12-94 43 2.6 28
06-09-94 11,500 -- 06-09-94 43 24 --
06-28-94 6,350 32 06-28-94 45 2.8 34
07-19-94 4,770 34 07-19-94 44 37 .37
08-11-94 4,100 27 08-11-94 44 3.6 31
08-31-94 3,250 .58 08-31-94 44 33 .62
09-29-94 1,090 .02 09-29-94 41 34 .14
10-17-94 1,460 <02 10-17-94 45 45 14
11-14-94 1,430 21 11-14-94 41 4.6 33
12-13-94 3,650 23 12-13-94 41 24 25
01-12-95 1,890 .14 01-10-95 44 4.1 23
02-06-95 3,240 22 02-06-95 41 32 .26
03-30-95 4,710 .34 03-30-95 45 3.1 .37
04-18-95 9,160 90 04-18-95 55 2.6 91
05-30-95 40,200 .87 05-30-95 87 1.9 .87
06-22-95 41,300 43 06-22-95 56 22 43
07-12-95 12,100 44 07-12-95 54 2.8 ’ 45
08-15-95 6,790 .56 08-15-95 49 1.4 57
09-12-95 2,700 30 09-12-95 51 3.1 .35

]For calculation purposes, a concentration of 0.01 mg/L was assumed.
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“Supplemental Information” section of this report and
shown in figure 9. Median densities of fecal coliform
bacteria were less in water from the downstream Kan-
sas River sampling site (KR-2) than in water from the
upstream sampling site (KR—1), whereas the inverse
situation was documented for fecal Streptococci.
Because of the nature and origin of both fecal groups,
it was expected that median densities in water from
sampling site KR—2 would be either smaller or larger
than in water from sampling site KR—1. Two possible
explanations for the apparent contradiction presented
in figure 9 are: (1) point and nonpoint sources of fecal
bacteria from the urbanized section of Topeka between
sampling sites KR-1 and KR-2 result in little change
in fecal coliform but a substantial percentage change in
median densities of fecal Streptococci bacteria; or

(2) the urbanization between sampling sites KR—1 and
KR-2 has little effect on median bacterial densities,
and the observed differences are the result of relatively
small densities and of variations in the proportion of
the fecal groups, temporal variation, and variation
within and between sampling sites. It is believed that

the second possible explanation would account for the
differences shown in figure 9. This belief was tested
using a two-tailed Wilcoxon rank-sum test at a signifi-
cance level of 0.05. Results of this test indicated no sig-
nificant difference between sampling sites KR—1 and
KR-2 for either fecal coliform bacteria densities
(p-value = 0.95) or fecal Streptococci bacteria densities
(p-value = 0.14).

The major effect of urbanization on bacterial den-
sities in water from the Kansas River was the result of
discharge from the Oakland Wastewater Treatment
Plant (sampling site WWTP). As indicated in figure 9,
median densities of both fecal coliform and fecal Strep-
tococci bacteria in discharge at sampling site WWTP
are several orders of magnitude larger than densities in
water from the Kansas River. To quantify the effect of
this discharge, calculations similar to those for ammo-
nia and phosphorus concentrations presented in tables
6 and 7, respectively, were performed for the fecal
groups. Results of these calculations are listed in
table 8 and shown in figure 10. Densities in water from
the Kansas River resulting from discharge from
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Figure 9. Comparison of median densities of fecal coliform and fecal Streptococci bacteria in water from sampling
sites KR-1 and KR-2 on the Kansas River and in discharge from the Oaktand Wastewater Treatment Plant
(sampling site WWTP) in Topeka, Kansas, October 1993-September 1995. Location of sampling sites shown in

figure 3.
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Table 8. Streamflow and bacterial densities in water samples from the Kansas River (sampling site KR-2)
upstream from the Oakland Wastewater Treatment Plant in Topeka, Kansas, discharge and bacterial densities in
water samples from the treatment plant (sampling site WWTP), and calculated densities in the Kansas River
with discharge from the treatment plant, October 1993-September 1395

[Data on file at U.S.Geological Survey, Lawrence, Kansas; ft3/s, cubic feet per second; cols/100 mL, colonies per 100 milliliters of water; --, no data;

<, less than]
Kansas River with
discharge from
sampling site WWTP
Sampling site KR-2 (fig. 3) Sampling site WWTP (fig. 3) (calculated)
Fecal Fecal
Fecal Strepto- Fecal Strepto-
Date of coliform cocci Date of Fecal coliform cocci
sample Stream- density density sample Fecal coliform Streptococci density  density
(month— flow (cols/100 (cols/100 (month— Discharge density density (cols/100 (cols/100
day-year)  (ft¥/s) mL) mL) day-year) (ft¥s) (cols/100mL) (cols/100 mL) mL) mL)
10-20-93 11,700 500 3,000 10-20-93 46 1,800,000 1,000,000 7,500 6,900
11-18-93 10,100 65 150 11-23-93 42 - 7,600,000 -- 32,000
12-09-93 10,100 120 240 12-09-93 46 780,000 220,000 3,700 1,200
01-12-94 7,430 80 20 01-12-94 44 670,00 240,000 4,000 1,400
02-15-94 5,500 70 40 02-10-94 43 350,000 280,000 2,800 2,200
03-31-94 5,200 5 <1 04-05-94 40 68,000 - 520 --
04-21-94 4,800 50 130 04-21-94 70 -- 3,100,000 -- 45,000
05-12-94 8,880 66 - 05-12-94 43 990,000 -- 4,800 -
06-09-94 11,500 40,000 53,000 06-09-94 43 840,000 640,000 43,000 55,000
06-28-94 6,350 210 150 06-28-94 45 7,200,000 70,000 51,000 640
07-19-94 4,770 500 <1 07-19-94 44 - 46,000,000 - 1420,000
08-11-94 4,100 110 640 08-11-94 44 4,100,000 -- 44,000 --
08-31-94 3,250 4,900 7,500 08-31-94 44 570,000 2,700,000 12,000 43,000
09-29-94 1,090 37 270 09-29-94 41 210,000 -- 7,600 .-
10-17-94 1,460 220 900 10-17-94 45 900,000 1,100,000 27,000 34,000
11-14-94 1,430 40 63 11-14-94 41 1,000,000 32,000,000 28,000 890,000
12-13-94 3,650 150 130 12-13-94 41 430,000 34,000 4,900 510
01-12-95 1,890 5 200 01-10-95 44 680,000 330,000 15,000 7,700
02-06-95 3,240 10 130 02-06-95 41 450,000 150,000 5,600 2,000
03-30-95 4,710 120 95 03-30-95 45 23,000 180,000 340 1,800
04-18-95 9,160 27,000 56,000 04-18-95 55 380,000 250,000 29,000 57,000
05-30-95 40,200 600 2,300 05-30-95 87 320,000 45,000 1,300 2,400
06-22-95 41,300 68 110 06--22-95 56 1,300,000 650,000 1,800 990
07-12-95 12,100 250 150 07-12-95 54 600,000 540,000 2,900 2,500
08-15-95 6,790 170 600 08-15-95 49 510,000 4,700,000 3,800 34,000
09-12-95 2,700 200 180 09-12-95 51 250,000 29,000 4,800 710

Icalculated using only density at sampling site WWTP.
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Figure 10. Comparison of densities of fecal coliform and fecal Streptococci bacteria in water from Kansas
River sampling site KR-2 with calculated Kansas River densities after receiving discharge from the Oakland
Wastewater Treatment Plant (sampling site WWTP) in Topeka, Kansas, October 1993-September 1995.
Location of sampling sites shown in figure 3.
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sampling sitt WWTP were calculated using equation 1
where Q, and C, are streamflow (ft%/s) and density
(cols/100 mL of water), respectively, at sampling site
KR-2, and Q, and C, are discharged and density,
respectively, at sampling sitt WWTP.

Calculated fecal coliform densities in water from
the Kansas River resulting from discharge from sam-
pling sitt WWTP ranged from 340 to 51,000 cols/
100 mL of water (table 8). All 23 (100 percent) of those
calculated densities exceeded the 200 cols/100 mL of
water criterion established by the Kansas Department
of Health and Environment (1994) for full-body con-
tact recreation. This range contrasts with the S to
40,000 cols/100 mL of water fecal coliform range in
water from sampling site KR-2 where nine samples
(35 percent) exceeded 200 cols/100 mL of water crite-
rion. Median fecal coliform densities in water from the
Kansas River increased from 120 cols/100 mL of water
at sampling site KR-2 to 4,900 cols/100 mL of water
after receiving discharge from sampling site WWTP.

Results of calculated densities of fecal Strepto-
cocci bacteria in water from the Kansas River resulting
from discharge from sampling site WWTP were simi-
lar to those of fecal coliform. Calculated densities
ranged from 510 to 890,000 cols/100 mL of water
(table 8). Median densities increased from
150 cols/100 mL of water at sampling site KR-2 to
4,700 cols/100 mL of water after receiving discharge
from sampling site WWTP.

The calculated results listed in table 8 and shown in
figure 10 were computed using 100 percent of Kansas
River streamflow and assumed no instantaneous
“die-off” of bacteria. However, bacterial die-off proba-
bly begins immediately upon discharge from sampling
site WWTP and theoretically continues until extinction
in the Kansas River some distance downstream. The
exact length of the Kansas River affected by bacterial
densities in excess of water-quality criteria is not
known. Bacterial die-off rates are dependent on many
factors such as streamflow, pH, water temperature, tur-
bidity, intensity of sunlight, and concentrations of
chemicals that may be toxic to fecal bacteria.

Metals and Trace Elements

Metals and trace elements normally occur in natu-
ral water in small concentrations even though some are
naturally abundant. For instance, iron and aluminum
represent the first and third, respectively, most abun-
dant trace elements in the Earth’s outer crust (Hem,
1985). The natural occurrence of metals and trace

elements in stream water is the result of dissolution of
rock minerals containing these elements. However,
urbanization and associated manufacturing and support
industries can be a source of substantial quantities of
some metals and trace elements. For example, alumi-
num, iron, and zinc are used extensively in the con-
struction of buildings, exterior structures and trim
work, in automobiles, and as protective coverings or
coatings against corrosion and oxidation of framework
or base metals. Chromium, copper, and nickel, simi-
larly, are used throughout the urban environment as
protective coatings or as structural, roofing, or decora-
tive components of exterior structures. Lead, once a
component of gasoline, was widely dispersed in the
environment until its gradual phaseout beginning in the
early 1970’s. Large amounts of lead also are released in
the smelting of ores and burning of coal (Hem, 1985).

Median total recoverable concentrations of
selected metals and trace elements in water from sam-
pling sites on the Kansas River (sampling sites KR—1
and KR-2) and in discharge from the Oakland Waste-
water Treatment Plant (sampling site WWTP) are
listed in table 11 in the “Supplemental Information”
section of this report and shown in figure 11. Generally,
median total recoverable concentrations of most metals
and trace elements varied little between sampling
sites KR-1 and KR-2 and, in fact, no significant differ-
ences (at 0.05 level of significance) between sampling
sites KR-1 and KR-2 were indicated by Wilcoxon
rank-sum tests (table 9) for those constituents shown in
figure 11. The results in table 9 indicate that, on the
basis of the current data set, the urbanized section of
Topeka between sampling sites KR—1 and KR-2 has no
detrimental effect on water quality in the Kansas River
with regard to the median total concentrations of
metals and trace elements shown.

Median total recoverable concentrations of metals
and trace elements (fig. 11) in water from sampling
site WWTP were less than median total recoverable
concentrations in water from either Kansas River sam-
pling site with the exception of total recoverable
molybdenum and zinc. Median total recoverable con-
centrations of these two elements in discharge from the
treatment plant were larger than in water from either
Kansas River sampling site and may suggest that
urban-related processes are responsible for these larger
concentrations. However, because of small discharge at
sampling site WWTP relative to Kansas River stream-
flow, the effect of sampling site WWTP on median total
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Figure 11. Comparison of median total recoverable concentrations of selected metals and
trace elements in water from sampling sites KR—1 and KR-2 on the Kansas River and in
discharge from the Oakland Wastewater Treatment Plant (sampling site WWTP) in Topeka,
Kansas, October 1993-September 1995. Location of sampling sites shown in figure 3.

recoverable concentrations of molybdenum and zinc in
water from the Kansas River is considered negligible.

Pesticides

Pesticides are a general classification of synthetic

organic compounds that are used to control the growth

or occurrence of undesirable plants (herbicides) or
insects (insecticides). These include organic com-
pounds containing nitrogen, chlorine, or phosphorus.
The occurrence of these compounds in natural water is
indicative of contamination from human-related
sources. Both the agricultural and urban communities
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Table 9. Probability values (p-values) calculated by the Wilcoxon rank-sum test comparing total recoverable
concentrations of selected metals and trace elements between Kansas River sampling sites KR—1 and KR-2 in

Topeka, Kansas

[At a significance level of 0.05, p-values greater than 0.025 for a two-tailed test indicate no significant difference in concentrations between sampling sites]

Alumi- Chro-

num  Arsenic Barium mium Cobalt

Copper

Man- Moly-

Iron Lead ganese bdenum Nickel Zinc

0.73 0.88 0.80 0.57 0.56 0.92

0.96 0.81 0.99 0.18 0.75 0.86

use pesticides, although not necessarily the same
compounds.

Analytical results for samples of water collected at
sampling sites KR—1, KR-2, and WWTP for pesticide
analyses are included in table 11 in the “Supplemental
Information” section of this report. Too few samples
were collected to develop specific conclusions con-
cerning pesticide occurrences; however, some general-
izations can be made. Concentrations of agricultural
herbicides or metabolites were detected in water from
both Kansas River sampling sites (KR-1 and KR-2).
These included acetochlor, alachlor, atrazine, cyana-
zine, deethylatrazine, EPTC, metolachlor, metribuzin,
prometon, simazine, and tebuthiuron. Also, the insecti-
cides carburyl and carbofuran were detected in water
from the Kansas River. Most of these herbicides are
used in the production of corn, grain sorghum, and soy-
beans. Several of these herbicides also were detected in
discharge at sampling site WWTP including alachlor,
atrazine, metolachlor, and prometon. The fact that
these herbicides were detected in wastewater discharge
indicates that the drinking-water treatment process
does not completely remove herbicides from the source
water (Kansas River). Generally, concentrations of her-
bicides in discharge at sampling site WWTP were
about one-half the concentration in water from the
Kansas River.

Additional pesticides were detected in discharge
from sampling site WWTP that were not detected in
water from the Kansas River. These included the herbi-
cide linuron and insecticides chlorpyrifos, Diazinon,
and malathion. All three insecticides commonly are
used around homes and businesses to control termites,
white grubs, ants, and other insects in lawns, gardens,
and ornamental plantings. The occurrence of these
insecticides in wastewater discharge suggest residen-
tial or commercial disposal in the sanitary-sewer sys-
tem or input by way of a combined storm/sanitary
sewer system. No concentrations of pesticides in either
the Kansas River or wastewater discharge were greater

than established Kansas Department of Health and
Environment (1994) water-quality criteria.

Shunganunga Creek Basin

Three sampling sites were established in the Shun-
ganunga Creek Basin to evaluate potential effects from
urbanization (fig. 3 and table 1). Two sampling sites
were located on the main stem of Shunganunga Creek
(sampling sites SH~1 and SH-2) and one sampling site
on South Branch Shunganunga Creek (sampling
site SB—1), a major tributary to Shunganunga Creek. A
statistical summary of concentrations of selected
water-quality constituents in water from sampling
sites SH-1, SH-2, and SB-1 is presented in table 11 in
the “Supplemental Information” section of this report.

Major lons and Dissolved Solids

A comparison of median concentrations of major
ions and dissolved solids in water from sampling sites
in the Shunganunga Creek Basin is presented in
figure 12. Median concentrations of dissolved solids
were not significantly different (at the 0.05 level of sig-
nificance) among the three sampling sites in the Shun-
ganunga Creek Basin. Results of Wilcoxon rank-sum,
two-tailed tests indicated a p-value of 0.21 for an eval-
uation of sampling sites SH-1 and SH-2 and p-values
of 0.45 and 0.53 for an evaluation of sampling
sites SH-1 and SB-1 and SB-1 and SH-2, respec-
tively. These results indicate that, on the basis of cur-
rent data set, the sections of Topeka between sampling
sites SH-1 and SH-2 and upstream from sampling
site SB—1 are not a significant source of instream con-
centrations of major ions and dissolved solids, at least
when evaluated from a long-term perspective (2 years).

Sampling sites SH-1, SB-1, and SH-2 also were
sampled during a previous water-quality investigation
conducted from October 1979 through September 1981
(Pope and Bevans, 1987). A comparison of median
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Figure 12. Comparison of median concentrations of major ions and dissolved solids in
water from sampling sites SH-1, SB-1, and SH-2 in the Shunganunga Creek Basin,
Topeka, Kansas, October 1993-September 1995. Location of sampling sites shown in

figure 3.

concentrations of dissolved solids in dry-weather
streamflow documented in the current study (1993-95)
with those from the previous study is shown in

figure 13. Dry-weather streamflow is streamflow
resulting from a combination of base flow and
point-source discharges and is not affected by storm
runoff. Because the current data set contains a few sam-
ples of storm runoff at each sampling site, the current
data set was censored to contain only samples reflec-
tive of streamflow ranges equivalent to those of the pre-
vious study. During the 1979-81 study, the maximum
streamflows for dry-weather samples collected at sam-
pling sites SH-1, SB-1, and SH-2 were 18.0, 9.2, and
15.0 ft3/s, respectively; therefore, for this current study,
only those samples with streamflow less than or equal
to those maximums were used for comparative analy-
sis. This produced sample populations of 21, 21, and
18, respectively, at the three sampling sites. The num-
ber of dissolved-solids analyses of water from sam-
pling sites SH-1, SB-1, and SH-2 performed during
the 1979-81 study were 10, 9, and 10, respectively
(Pope and others, 1983).

The median concentration of dissolved solids doc-
umented in the current study (1993-95) in water from
sampling site SH-1 for dry-weather streamflow
samples (547 mg/L) was 48 percent larger than the

median concentration reported from the 1979-81
study. This increase was determined to be statistically
significant (at the 0.05 level of significance) on the
basis of a one-tailed, Wilcoxon rank-sum test with a
p-value of 0.0019. This increase probably is the result
of the construction of the Sherwood Lake Wastewater
Treatment Plant during the 1980’s to meet the needs of
increased urbanization around and downstream from
Sherwood Lake. As was previously shown (fig. 5) in
the Kansas River discussion, discharge from wastewa-
ter-treatment plants may contain dissolved-solids con-
centrations larger than water in the receiving streams.
During the 1979-81 study, two small “package” waste-
water-treatment plants were operated between Sher-
wood Lake and sampling site SH-1, neither of which
had substantial discharge. Discharge from one plant
was measured at 0.04 ft3/s (0.026 Mgal/d). This previ-
ous discharge compares to the normal operating dis-
charge of 0.5 Mgal/d from the current Sherwood Lake
plant. Additionally, because of greater urbanization
upstream from sampling site SH-1, dissolved solids
may be affected by greater road deicing application
during 1993-95 than was the case during 1979-81.
Subsequent runoff of deicing salt (sodium chloride)
may be partly responsible for the larger median
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from sampling sites SH-1, SB-1, and SH-2 in Shunganunga Creek Basin, Topeka,
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dissolved-solids concentration documented during the
current study.

Median concentrations of dissolved solids in water
from sampling sites SB—1 and SH-2 were 7 and 2 per-
cent less, respectively, during 1993-95 than reported
for 1979-81 (fig. 13). However, these differences
between the two time periods were not statistically sig-
nificant (at the 0.05 level of significance) at either sam-
pling site. Wilcoxon one-tailed, rank-sum tests
calculated p-values of 0.45 at sampling site SB—1 and
0.41 at sampling site SH-2. Therefore, although a sta-
tistically significant increase in median dissolved-
solids concentration in dry-weather streamflow was
documented in water from the upstream reach of Shun-
ganunga Creek (sampling site SH-1), no significant
change has been documented in median dissolved-
solids concentration from the entire basin between
1979-81 and 1993-95.

Nutrients

The median concentration of dissolved nitrate as
nitrogen in water from sampling site SH-1 was 5.7 and
4.2 times larger than in water from sampling sites SB-1
and SH-2, respectively (fig. 14). These differences
were significant at the 0.05 level of significance as indi-

cated by Wilcoxon rank-sum, one-tailed p-values of
less than 0.0001 for both sites. This larger median con-
centration in water from sampling site SH-1 is proba-
bly the result of discharge from the Sherwood Lake
Wastewater Treatment Plant upstream from sampling
site SH-1. However, median concentrations of dis-
solved ammonia as nitrogen were less than 0.1 mg/L
(analytical detection limit) in water from all three sam-
pling sites. These small concentrations of dissolved
ammonia in water from the main stem of Shunganunga
Creek are probably the result of nitrification (oxidation
of ammonia to nitrate) of wastewater prior to its dis-
charge from the Sherwood Lake Wastewater Treatment
Plant and because of a lack of additional sources of
nutrients (municipal and industrial) between sampling
sites SH-1 and SH-2.

The median concentration of total ammonia plus
organic nitrogen as nitrogen was largest in water from
the downstream-most sampling site SH-2 (fig. 14);
however, this difference, relative to sampling
site sites SH—1, was not statistically significant at the
0.05 level of significance as determined by a Wilcoxon
rank-sum, one-tailed p-value of 0.16. The median con-
centration of total ammonia plus organic nitrogen as
nitrogen at sampling site SB—1 was significantly
(0.05 level of significance) smaller than median
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Figure 14. Comparison of median concentrations of selected nutrients in water from
sampling sites SH-1, SB-1, and SH-2 in the Shunganunga Creek Basin, Topeka,
Kansas, October 1993-September 1995. Location of sampling sites shown in figure 3.

concentrations at either sampling sites SH-1 or SH-2 in the South Branch Shunganunga Creek subbasin
(one-tailed p-values of 0.01 and 0.003, respectively). (upstream from sampling site SB—1).

This difference between tributary sampling site SB-1 Median concentrations of total phosphorus and dis-
and main-stem Shunganunga Creek sampling sites solved orthophosphate as phosphorus in water from
SH-1 and SH-2 probably reflects differences in waste-  gampling site SH-1 were considerably larger than in
water discharges within the subbasins. Sampling sites water from the other two sampling sites (fig. 14).
SH-1 and SH-2 are affected by discharge from the Median concentrations of total phosphorus were 7.2

Sherwood Lake Wastewater Treatment Plant, whereas,
during this study, there were no wastewater discharges

and 4.1 times larger in water from sampling site SH~-1
than in water from sampling sites SB—1 and SH-2,
respectively. Median concentrations of dissolved
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orthophosphate were 18 and 8.8 times larger in water
from sampling site SH~1 than in water from sampling
sites SB—1 and SH-2, respectively. These differences
in median concentrations of total phosphorus and dis-
solved orthophosphate were significant at the

0.05 level of significance as indicated by Wilcoxon
rank-sum, one-tailed p-values of less than 0.0001 for
all comparisons. These large between-site differences
in phosphorus species reflect the effect of discharge
from the Sherwood Lake Wastewater Treatment Plant.
From a water-quality criteria perspective, median con-
centrations of total phosphorus in water from all three
sampling sites in the Shunganunga Creek Basin were
larger than the U.S. Environmental Protection Agency
(1986) recommended goal of 0.1 mg/L. Although
wastewater discharge is probably responsible for
median concentrations of total phosphorus in water
from the main stem of Shunganunga Creek exceeding
the recommended goal, the 0.18-mg/L. median concen-
tration of total phosphorus in water from sampling
site SB-1 is probably of nonpoint-source, agricultural
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origin, considering the current absence of municipal
wastewater discharge. The large differences in median
concentrations of phosphorus species between
main-stem Shunganunga Creek sampling sites SH-1
and SH-2 are probably the result of in-channel deposi-
tion of total phosphorus and oxidation to orthophos-
phate and utilization of orthophosphate by phyto-
plankton and aquatic vegetation between the two sites.
Comparison of median concentrations of selected
nutrients in dry-weather streamflow from sampling
sites in the Shunganunga Creek Basin from
October 1993 through September 1995 with median
concentrations in samples collected from October 1979
through September 1981 are shown in figure 15. The
median concentration of dissolved nitrate as nitrogen
was 4.7 times larger during 1993-95 than during
1979-81 in water from sampling site SH-1. This
increase was significant at the 0.05 level as indicated
by a Wilcoxon rank-sum, one-tailed p-value of 0.001
and probably reflects the greater wastewater discharge
upstream from sampling site SH-1 during 1993-95
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Figure 15. Comparison of median concentrations of selected nutrients in dry-weather streamflow from October 1979 through
September 1981 (Pope and Bevans, 1987) with median concentrations from October 1993 through September 1995 in water
from sampling sites SH-1, SB-1, and SH-2 in the Shunganunga Creek Basin, Topeka, Kansas.
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than during 1979-81. In contrast, the median concen-
tration of dissolved nitrate as nitrogen in water from
sampling site SB—1 was 59 percent less during
1993-95 than that documented during 1979-81. This
decrease was significant at the 0.05 level as indicated
by a Wilcoxon rank-sum, one-tailed p-value of 0.007
and probably is the result of no current wastewater dis-
charges in the South Branch Shunganunga Creek sub-
basin, whereas during the earlier study, two small
wastewater-treatment plants were in operation in this
subbasin.

The median concentration of dissolved nitrate in
water from sampling site SH-2 was 2.5 times larger
during 1993-95 than during 1979-81; however, the
increase was not significant at the 0.05 level as indi-
cated by a Wilcoxon rank-sum, one-tailed p-value of
0.20. Although median concentrations at selected sam-
pling sites in the Shunganunga Creek Basin were sig-
nificantly different between the two studies, the basin
as a whole displayed no significant change even though
there appears to be an upward trend on the main stem
Shunganunga Creek. This perceived trend is the result
of the expansion of wastewater-treatment facilities
upstream from sampling site SH-1 between the
1979-81 and 1993-95 Shunganunga Creek studies and
indicates an effect of past management decisions.

Median concentrations of dissolved ammonia as
nitrogen were less than 0.10 mg/L (analytical detection
limit) in water from all three sampling sites in the
Shunganunga Creek Basin during 1993-95 compared
to an average median concentration of 0.17 mg/L in
water from the three sampling sites during 1979-81.
These reductions in median concentrations are signifi-
cant at the 0.05 level for all three sampling sites as indi-
cated by Wilcoxon rank-sum, one-tailed p-values
ranging from less than 0.001 to 0.015. The decrease
documented in the current study is probably the result
of the oxidation of ammonia prior to discharge from the
Sherwood Lake Wastewater Treatment Plant and the
removal of two small wastewater-treatment plants in
the South Branch Shunganunga Creek subbasin
between studies and indicates an effect of past manage-
ment decisions. During the earlier study, the two small
wastewater-treatment plants, then in operation
upstream from sampling site SH-1, were not capable of
converting ammonia to nitrate.

Comparative results of median concentrations of
total phosphorus between the previous and current
study were similar to those for dissolved nitrate as
nitrogen. The median concentration in water from sam-

pling site SH-1 was 2.6 times larger during 1993-95
than during 1979-81, whereas in water from sampling
site SB-1 the median concentration during 1993-95
was 78 percent less than during the 1979-81 study.
These differences at sampling sites SH-1 and SB-1
were both significant at the 0.05 level as indicated by
Wilcoxon rank-sum, one-tailed p-values of 0.002 and
less than 0.001, respectively. Median concentrations of
total phosphorus at sampling site SH-2 were not signif-
icantly different (at the 0.05 level) between the previ-
ous and current study. In general, nutrient concen-
trations in Shunganunga Creek during dry-weather
streamflow are of point-source origin and predomi-
nately from discharge from the Sherwood Lake
Wastewater Treatment Plant.

Bacteria

Median densities of fecal coliform and fecal Strep-
tococci bacteria were largest in water from the
upstream-most Shunganunga Creek sampling
site (SH-1) and smallest in water from the down-
stream-most sampling site (SH-2) (fig. 16). This, much
like median nutrient concentrations, appears to indicate
point-source contamination, possibly from the Sher-
wood Lake Wastewater Treatment Plant. However,
effluent from the Sherwood Lake Wastewater Treat-
ment Plant is chlorinated (disinfected) before discharge
to Shunganunga Creek (Edie Snethen, Director of Pub-
lic Works, city of Topeka, oral commun., 1996). There-
fore, the densities indicated in figure 16 probably
represent nonpoint-source contributions from wildlife
and livestock. The median density of fecal coliform
bacteria was substantially greater than the 200 cols/100
mL of water criterion for full-body contact recreation
established by the Kansas Department of Health and
Environment (1994) in water from sampling site SH-1
and less than that in water from sampling sites SB-1
and SH-2.

Metals and Trace Elements

Median concentrations of total recoverable metals
and trace elements varied between sampling sites in the
Shunganunga Creek Basin (fig. 17). Wilcoxon
rank-sum, two-tailed tests were conducted on metal
and trace-element concentrations in water from the
three sampling sites in the Shunganunga Creek Basin
to determine if these variations between sampling sites
were statistically significant at the 0.05 level. Results
of these Wilcoxon rank-sum tests are presented in
table 10.
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Figure 16. Comparison of median densities of fecal coliform and fecal Streptococci bacteria
in water from sampling sites SH-1, SB-1, and SH-2 in the Shunganunga Creek Basin,
Topeka, Kansas, October 1993-September 1995. Location of sampling sites shown in

figure 3.

There were no significant differences in median
concentrations of any of the constituents shown in fig-
ure 17 between sampling sites SH~1 and SB-1. This
probably indicates that the processes responsible for
the occurrence of metals and trace elements or the
degree to which these processes function are not sub-
stantially different between the subbasins upstream
from sampling sites SH-1 and SB—1. In contrast,
median concentrations of four constituents shown in
figure 17 were significantly different between upstream
and downstream sampling sites on the main stem Shun-
ganunga Creek, sites SH-1 and SH-2, respectively.
Median concentrations of total recoverable aluminum,
iron, manganese, and molybdenum were significantly
larger in water from sampling site SH-2 than in water
from the upstream sampling site SH-1. Median con-
centrations of total recoverable aluminum and iron
were about three times larger in water from sampling
site SH-2 than in water from sampling site SH-1. Sim-
ilarly, the median concentration of total recoverable
manganese was 26 percent larger in water from sam-
pling site SH-2 than in water from sampling site SH-1,
and the median concentration of total recoverable
molybdenum was twice as large in water from sam-
pling site SH-2 than in water from sampling site SH-1.

The larger median concentrations of aluminum,
iron, manganese, and molybdenum at sampling
site SH-2 probably are the result of their widespread

use in the urban environment. Aluminum and iron are
used extensively in automobiles and many exterior
applications from small ornamental items to large
structural components. Manganese is used in metal
alloys, dry-cell batteries, micronutrient fertilizer addi-
tives, organic compounds used in paint driers, and as
chemical reagents (U.S. Environmental Protection
Agency, 1986). Molybdenum is used as an alloy in
steel, in welding rods, as a lubricant additive, and in
ceramics (Hem, 1985).

The median concentration of total recoverable iron
in water from sampling site SH-2 is about 50 percent
larger than the 1,000-pug/L freshwater water-quality
criterion for total recoverable iron (U.S. Environmental
Protection Agency, 1986). Therefore, urbanization
between sampling sites SH-1 and SH-2 appears to
have a detrimental effect on total recoverable iron con-
centrations in water from Shunganunga Creek.
Although, median concentrations of total recoverable
aluminum and iron in water from sampling site SH-2
are large relative to the other Shunganunga Creek sam-
pling sites, median concentrations of total recoverable
aluminum and iron were at least 7,000 and 4,400 pg/L,
respectively, in water from the Kansas River sampling
sites (KR~1 and KR-2). Discharge of Shunganunga
Creek into the Kansas River probably would have no
detrimental effect on median concentrations of metals
and trace elements in the Kansas River.
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Figure 17. Comparison of median total recoverable concentrations of selected metals and
trace elements in water from sampling sites SH-1, SB-1, and SH-2 in the Shunganunga
Creek Basin, Topeka, Kansas, October 1993-September 1995. Location of sampling sites

shown in figure 3.

Pesticides

Many of the pesticides detected in water from the
Shunganunga Creek Basin sampling sites also were

detected in water from the Kansas River sampling sites.

Some of these included the herbicides acetochlor,
alachlor, atrazine, cyanazine, EPTC, metolachlor,

prometon, simazine, and tebuthiuron, and the insecti-
cide carbaryl. Detections of several other insecticides
were limited to water from the Shunganunga Creek
Basin sampling sites and included chlordane,
chlorpyrifos, Diazinon, lindane, and malathion. Addi-
tionally, the herbicides pendimethalin, propanil, and
trifluralin were detected in water from one or more of
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Table 10. Probability values (p-values) calculated by the Wilcoxon rank-sum test comparing total recoverable
concentrations of selected metals and trace elements between Shunganunga Creek Basin sampling sites SH-1,

SB-1, and SH-2 in Topeka, Kansas

[At a significance level of 0.05, p-values greater than 0.025 for a two-tailed test indicate no significant difference in concentrations between

sampling sites]

Sampling- . Man-
site compari- Alumi- Arse- . Chro- ga- Molyb-

son (fig. 3) num nic Barium mium Cobalt Copper Iron Lead nese denum Nickel Zinc
SH-1 and SB-1 0.650 0.900 0.104 0.508 0.577 0.480 0.749 0.333 0.255 0.873 0.389 0.052
SH-1 and SH-2 004 .035 213 .105 .082 .895 004 054 004 002 639 185
SB-1 and SH-2 002 .035 797 016 .024 455 .006 .006 .150 002 .184 440

the Shunganunga Creek Basin sampling sites but not in
water from the Kansas River sampling sites (table 11 in
“Supplemental Information” section).

Most of the pesticides detected in water from the
Shunganunga Creek Basin sampling sites were at small
concentrations relative to Kansas River concentrations.
Concentrations of some pesticides in water from the
Shunganunga Creek Basin were as much as an order of
magnitude less than in water from the Kansas River.
No pesticide concentrations in water from the Shunga-
nunga Creek Basin sampling sites exceeded Kansas
Department of Health and Environment water-quality
criteria. However, these are very limited data (four
samples, at most, per sampling site) and, therefore,
should be used with caution.

Soldier Creek

One sampling site was established on Soldier
Creek to evaluate potential effects of urbanization
(fig. 3 and table 1). This sampling site (SO-1) was
located about 1 mi downstream from an industrial area
with a permitted point-source discharge of
4.62 Mgal/d. Eleven samples were collected at this
sampling site from October 1993 through
September 1995. A statistical summary of concentra-
tions of selected water-quality constituents in water
from sampling site SO-1 is presented in table 11 in the
“Supplemental Information” section of this report.

Major lons and Dissolved Solids

Median concentrations of most major ions and dis-
solved solids were smaller in water from sampling
site SO-1 than in water from the other sampling sites in
the study area. For example, a comparison of median
concentrations of major ions and dissolved solids in

water from sampling sites KR-2, SH-2, and SO-1 is
presented in figure 18. The median concentration of
dissolved solids in water from sampling site SO-1 was
at least 34 percent smaller than in water from either
Kansas River sampling site (KR-1 and KR-2) and at
least 6.1 percent smaller than in water from any sam-
pling site in the Shunganunga Creek Basin. On the
basis of the current data set, urbanization appears to
have little effect on concentrations of major ions and
dissolved solids in water from sampling site SO-1. -

Nutrients

Median concentrations of selected nutrients in
water from sampling site SO-1 are the smallest in
water from any sampling site in the study area; how-
ever, they are similar to those median values docu-
mented in water from sampling site SB-1 (fig. 19).
Sampling site SB—1 is not known to be affected by
point-source discharges. Median concentrations of dis-
solved nitrate as nitrogen, total phosphorus, and dis-
solved orthophosphate as phosphorus in water from
sampling site SO-1 were 23, 11, and 17 percent less,
respectively, than corresponding median concentra-
tions in water from sampling site SB—-1. Median con-
centrations of total ammonia plus organic nitrogen as
nitrogen were equal in water from sampling sites SO-1
and SB-1. On the basis of the current data set, urban-
ization appears to have little effect on median concen-
trations of nutrients in water from sampling site SO-1.

Bacteria

Median densities of fecal coliform bacteria in
water from sampling site SO-1 were some of the small-
est median densities documented in water from any
sampling site in the study area. For example, a compar-
ison of median bacterial densities at sampling
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Figure 18. Comparison of median concentrations of major ions and dissolved solids in
water from sampling sites KR-2 on the Kansas River, SH-2 on Shunganunga Creek, and
SO-1 on Soldier Creek, Topeka, Kansas, October 1993-September 1995. Location of
sampling sites shown in figure 3.

sites KR—-1, SH-2, and SO-1 is presented in figure 20.
The median density of fecal coliform bacteria

(25 cols/100 mL) in water from sampling site SO-1
was only 25 percent of the next largest median concen-
tration (100 cols/100 mL, site SH-2) in water from any
sampling site in the study area. However, median den-
sities of fecal Streptococci bacteria in water from two
other sampling sites (KR-1 and SH-2) were smaller
than the median density of 90 cols/100 mL documented
in water from sampling site SO-1 (table 11). Wastewa-
ter discharge upstream from sampling site SO—1 may
have some effect on median densities of fecal Strepto-
cocci bacteria in water from sampling site SO-1. Addi-
tionally, livestock production in the mostly agricultural
area upstream from sampling site SO-1 may be con-
tributing to the density of Streptococci bacteria at that
sampling site.

Metals and Trace Elements

A comparison of median total recoverable concen-
trations of selected metals and trace elements in water
from sampling site SO-1 with sampling sites KR-2 on
the Kansas River and SH-1 on Shunganunga Creek is
presented in figure 21. The median concentration of
total recoverable aluminum in water from sampling

Bicarbonate
Sulfate £
Chloride
Dissolved [z
solids

site SO-1 was at least 31 percent less than median con-
centrations in water from any other sampling site. The
median total recoverable barium concentration in water
from sampling site SO-1 was equal to median concen-
trations documented in water from sampling sites on
the Kansas River (fig. 11 and table 11), and the median
total recoverable iron concentration was similar to the
median concentration documented in water from sam-
pling site SH-1 (fig. 17). The median concentration of
total recoverable manganese in water from sampling
site SO-1 (400 pg/L) was at least 74 percent larger than
the median concentration in water from any other sam-
pling site. The reason for this relatively large manga-
nese concentration is not known but may be from
upstream industrial discharge. Median total recover-
able concentrations of metals and trace elements pre-
sented in figure 21 were similar to median concen-
tration values documented in water from sampling sites
in the Shunganunga Creek Basin (fig. 17).

Pesticides

Many of the pesticides detected in water from the
Kansas River sampling sites (KR~1 and KR~2) also
were detected in water from sampling site SO-1
(table 11). Those pesticides detected in water from
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Figure 19. Comparison of median concentrations of selected nutrients in water from sampling sites KR-2 on
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October 1993-September 1995. Location of sampling sites shown in figure 3.

sampling site SO-1 are herbicides frequently used in
crop production and include acetochlor, alachior, atra-
zine, cyanazine, EPTC, metolachlor, metribuzin, and
tebuthiuron. Insecticides detected in water from the
Soldier Creek sampling site included carbaryl and car-
bofuran but not those insecticides commonly used in
urbanized areas such as Diazinon, lindane, and
malathion. Therefore, on the basis of the current data
set, urbanization appears to have little appreciable
effect on concentrations of pesticides in water from
sampling site SO-1. No concentrations of pesticides
exceeded Kansas Department of Health and Environ-
ment (1994) water-quality criteria.

SUMMARY

The water of streams in urban areas potentially
may be degraded through the point- and non-
point-source discharge of major ions, dissolved solids,
nutrients, bacteria, metals and trace elements, and pes-
ticides. Stream degradation may cause the water to be
unsuitable for irrigation; pose potential public health
problems in processed drinking water; inhibit growth,
reproduction, and diversity of aquatic organisms; and
reduce recreational desirability of the stream.

In 1993, the U.S. Geological Survey entered into a
cooperative agreement with the city of Topeka, Kansas,
to determine and evaluate stream-water quality in the
urbanized sections of the Kansas River, Shunganunga
Creek Basin, and Soldier Creek. The Kansas River at
Topeka, Kansas, represents a drainage area of
56,720 mi? of mostly agricultural land and serves as a
water-supply source for the city of Topeka. The city’s
primary wastewater-treatment plant discharges into the
Kansas River. Much of the 60—mi> drainage area of
Shunganunga Creek is urbanized, and the creek
receives point- and nonpoint-source discharges as it
flows through the city. The 305-mi? drainage area of
Soldier Creek is almost entirely agricuitural but poten-
tially receives urban point- and nonpoint-source dis-
charges from the northern part of the city.

For the purpose of monitoring the effects of urban-
ization on streams within the city of Topeka, a network
of seven sampling sites was established in the study
area. Two sampling sites were located on the Kansas
River (upstream and downstream from an urbanized
area); one site at the discharge from the Oakland
Wastewater Treatment Plant (downstream from the last
Kansas River sampling site); three in the Shunganunga
Creek Basin (upstream and downstream from the major
urbanized area and on an intervening tributary); and
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Figure 20. Comparison of median densities of fecal coliform and fecal Streptococci bacteria in water from sampling
sites KR-1 on the Kansas River, SH-2 on Shunganunga Creek, and SO-1 on Soldier Creek, Topeka, Kansas,
October 1993-September 1995. Location of sampling sites shown in figure 3.

one on Soldier Creek. Most samples were collected
during periods of stable, dry-weather flow (nonrunoff
periods); however, about two samples at each site were
collected when streamflow was affected by runoff.

No significant differences in median concentra-
tions of dissolved solids, nutrients, or metals and trace
elements, or median densities of fecal bacteria were
documented between the upstream and downstream
sampling sites on the Kansas River. This indicates that
nonpoint-source discharge from Topeka has little effect
on median concentrations in water from the Kansas
River during stable, dry-weather periods. The greatest
potential source of contamination to the Kansas River
is discharge from the Oakland Wastewater Treatment
Plant.

Large quantities of dissolved ammonia are dis-
charged from the Oakland Wastewater Treatment Plant
and substantially increase dissolved ammonia as nitro-
gen concentrations in water from the Kansas River.
Dissolved ammonia as nitrogen concentrations in
water from the Kansas River resulting from this dis-
charge ranged from 0.03 to 1.1 mg/L. However, as a
percentage of water-quality criteria, most of the result-
ing dissolved ammonia as nitrogen concentrations in

water from the Kansas River were considerably less
than 50 percent of the Kansas Department of Health
and Environment’s water-quality criterion, with a
median value of 20 percent of the criterion (on the basis
of 26 samples).

Concentrations of total phosphorus in discharge
from the Oakland Wastewater Treatment Plant were
relatively large compared to concentrations in water
from the Kansas River. However, discharges of total
phosphorus from this plant produced only small
increases in concentrations in water from the Kansas
River. Generally, treatment-plant discharge increased
calculated total phosphorus concentrations in water
from the Kansas River by 0.01 to 0.04 mg/L. The
median percentage increase in total phosphorus con-
centrations in water from the Kansas River was
7.6 percent.

Bacterial densities in discharge from the Oakland
Wastewater Treatment Plant substantially increased
densities in water from the Kansas River. The median
fecal coliform density in water from the Kansas River
upstream from the plant was 120 cols/100 mL of water,
whereas the calculated median density after receiving
plant discharge was 4,900 cols/100 mL of water.
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Figure 21. Comparison of median total recoverable concentrations of selected metals and
trace elements in water from sampling sites KR-2 on the Kansas River, SH-1 on Shunganunga
Creek, and SO-1 on Soldier Creek, Topeka, Kansas, October 1993-September 1995. Location
of sampling sites shown in figure 3.

Calculated densities of fecal coliform bacteria in water lected upstream from the plant discharge. Median

from the Kansas River as a result of wastewater densities of fecal Streptococci bacteria in water from
discharge exceeded the 200 cols/100 mL of water cri- the Kansas River increased from 150 cols/100 mL of
terion established by the Kansas Department of Health water upstream from plant discharge to 4,700 cols/
and Environment in 100 percent of the samples com- 100 mL of water downstream from plant discharge.

pared to 35 percent of the Kansas River samples col-
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Median concentrations of dissolved solids were not
significantly different between the three sampling sites
in the Shunganunga Creek Basin. Median concentra-
tions of dissolved nitrate as nitrogen, total phosphorus,
and dissolved orthophosphate as phosphorus were sig-
nificantly larger in water from the upstream-most sam-
pling site than in water from either of the other sites.
Discharge from the Sherwood Lake Wastewater Treat-
ment Plant is probably responsible for these larger
upstream median concentrations. Median concentra-
tions of total ammonia plus organic nitrogen as nitro-
gen were significantly larger in water from the
main-stem Shunganunga Creek sampling sites than in
water from the tributary sampling site probably
because of wastewater discharge into the main stem.

A comparison of median concentrations of selected
water-quality constituents in dry-weather streamflow
from the current (1993-95) study with a previous
(1979-81) Shunganunga Creek study indicated that
median concentrations of dissolved nitrate as nitrogen
and total phosphorus during 1993-95 in water from
upstream sampling sites were either significantly larger
than during 1979-81 in response to increases of waste-
water-treatment plant discharge or smaller because of
the elimination of wastewater-treatment plant dis-
charge. Median concentrations of ammonia as nitrogen
concentrations were significantly less during 1993-95
than during 1979-81.

Median densitites of fecal bacteria were largest in
water from the upstream-most Shunganunga Creek
sampling site and smallest in water from the down-
stream-most sampling site. However, because effluent
from the Sherwood Lake Wastewater Treatment Plant
is chlorinated (disinfected) before discharge to Shun-
ganunga Creek, it is believed that the larger upstream
median densities represent mostly nonpoint-source
contributions from wildlife and livestock.

Median concentrations for 4 of 12 metals and trace
elements were significantly larger in water from the
downstream-most Shunganunga Creek sampling site
than in water from the upstream-most sampling site.
These metals and trace elements included total alumi-
num, iron, manganese, and molybdenum, and their
occurrence in larger concentrations in water from the
downstream-most sampling site probably is a result of
their widespread use in the urban environment.

Little water-quality effect from urbanization was
indicated by results from the Soldier Creek sampling
site. Median concentrations of most water-quality con-
stituents in water from this sampling site were the

smallest in water from any sampling site in the study
area.

Herbicides frequently used in the production of
corn, grain sorghum, and soybeans were detected in
water from all sampling sites. These included ace-
tochlor, alachlor, atrazine, cyanazine, EPTC, meto-
lachlor, prometon, simazine, and tebuthiuron.
Additionally, insecticides frequently used in the urban
environment were detected in water from the Shunga-
nunga Creek Basin and in discharge from the Oakland
Wastewater Treatment Plant. These insecticides
included chlordane, chlorpyrifos, Diazinon, lindane,
and malathion. No pesticide concentrations exceeded
Kansas Department of Health and Environment
water-quality criteria.

Although the scope of this study included an exam-
ination of both point and nonpoint sources of potential
contamination, few samples were collected during run-
off when nonpoint-source effects would be largest.
Therefore, conclusions pertaining to the possible
effects of nonpoint-source contamination should be
used with discretion.
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